Abstract The radiation recall phenomenon (RRP) is an acute inflammatory reaction at a site previously treated with radiation, and is triggered by anti-cancer therapies such as chemotherapy or antibiotics. A 48-year-old Japanese woman with primary breast cancer underwent partial mastectomy and sentinel lymph node biopsy followed by postoperative radiotherapy. Subsequent to breast-conserving surgery, adjuvant chemotherapy, including docetaxel in combination with cyclophosphamide (TC), was administrated after 16 days of radiotherapy involving the right breast. The patient experienced the RRP with erythema and burning pain at the site of the irradiation fields at 6 days after the administration of TC. The skin symptoms resolved after treatment with topical corticosteroid therapy over a few days. After the second course of TC, the patient had only mild symptoms relative to the first course. She successfully completed four cycles of TC without dose reduction and treatment delay. We report this case involving the RRP induced by TC together with a review of the literature.
Introduction
The radiation recall phenomenon (RRP) is an acute inflammatory reaction at a site previously treated with radiation that is triggered by anti-cancer therapies, such as chemotherapy or antibiotics [1] . The RRP is an uncommon and unpredictable reaction. We reported a case of a patient who had experienced the RRP during adjuvant chemotherapy for early breast cancer.
Case report
A 48-year-old Japanese woman, who had allergic rhinitis and hypersensitivity to alcohol, was diagnosed with a cT1cN0M0 Stage I primary breast cancer. At first, the patient underwent a partial mastectomy and sentinel lymph node biopsy. Pathological diagnosis was as follows: invasive ductal carcinoma of no special type; invasive tumor size 16 mm; nuclear Grade 3; no sentinel lymph node metastasis; no lymphatic and vascular invasion; estrogen receptor-positive (50 %); progesterone receptor-positive (70 %); human epidermal growth factor receptor-2 (HER2)-negative (1?). On this basis the pathological stage was classified as pT1pN0M0 Stage I. The patient's breast tumor tissue was examined using the Oncotype Dx Ò breast cancer test to determine the indication for adjuvant chemotherapy.
The patient received breast-conserving radiotherapy at a total dose of 50 Gy delivered in 25 fractions before adjuvant systemic therapy, because it was estimated that * After 16 days from the completion of radiotherapy, the patient was started on docetaxel (75 mg/m 2 ) and cyclophosphamide (600 mg/m 2 ). She had taken premedication such as dexamethasone sodium phosphate (day 1, 16 mg/day; days 2-3, 8 mg/day; days 4-5, 4 mg/day), antihistamine (on day 1, 45 min before administration of TC; diphenhydramine 50 mg/body,) and H2-blocker (day 1: famotidine 20 mg/day) to prevent adverse events such as an allergic reaction, nausea, edema, and general fatigue. At 6 days after the administration of the first course of TC, erythema accompanied with a burning pain was evident on the skin of the conserved breast at a location that corresponded with the previously irradiated area (Fig. 1) . Such a phenomenon was not observed in other areas of the patient's body. Blood biochemical findings at 8 days after TC were as follows: white blood cell count, 700/mm The patient was diagnosed as having Grade 2 RRP from these findings. The skin symptoms resolved with the use of topical corticosteroid therapy over a few days. From the second course of TC, the patient also received an antihistamine drug (fexofenadine, 120 mg/day) as premedication for the prevention of the RRP. The addition of antihistamine therapy produced only mild symptoms such as slight erythema at the site of contact with the patient's bra (Fig. 2) . She successfully completed the four cycles of TC that were preplanned without a dose reduction or treatment delay.
Discussion
The RRP was first described in 1959 [2] , and was a poorly understood phenomenon at that time. This phenomenon presents as the development of an inflammatory reaction localized to previously irradiated areas that is triggered by the administration of certain drugs. In contrast to radiosensitization, the RRP usually occurs on first exposure to a triggering drug; inflammation rapidly develops within minutes to days in the previously irradiated area.
The time interval between the end of radiotherapy and the administration of drug treatment is [7 days [3] . A previous trial reported that 9 of 50 (18 %) patients with breast cancer who had received chemotherapy at B3 weeks after radiotherapy developed the RRP, as compared with 6 of 81 (7.4 %) patients who had received chemotherapy alone at [3 weeks (P = 0.09) [4] . In our case, the time interval was 16 days; this fitted the definition of the RRP and might have a higher risk.
Most of the reactions are commonly developed on the skin, as was the case in our study. However, there have been some studies that have reported the RRP in the oral or laryngeal mucosa, gastrointestinal tract, lung, muscles, and brain. The drugs that have been most commonly reported to be associated with the RRP are doxorubicin [5] [6] [7] [8] [9] , plant alkaloids, taxanes including docetaxel [10] [11] [12] [13] [14] [15] and paclitaxel [16] [17] [18] , and the antimetabolites capecitabine [19, 20] and gemcitabine [21] [22] [23] [24] [25] [26] . A Japanese clinical study has reported that the frequency of docetaxel-induced RRP was 1.8 % during a 3 year period at a single institute [10] . A few case reports have found that docetaxel [11] [12] [13] [14] [15] or cyclophosphamide [27] induced the RRP. To our knowledge, there have been no previous studies that have reported on the RRP induced by the combination of docetaxel and cyclophosphamide. The development of the RRP in our case was considered to be related to treatment with docetaxel and/or cyclophosphamide, although it was difficult to demonstrate which agent was the most influential.
The management of the RRP depended on the symptoms. The symptoms associated with the RRP are classified into five grades using the Common Terminology Criteria for Adverse Events (CTCAE) Version 4.0 [28] . As symptomatic treatment for dermatitis, topical or systemic corticosteroids or nonsteroidal anti-inflammatory drugs are sometimes used to reduce inflammation. Burris and Hurtig reported that antihistamines were helpful for symptomatic relief or prevention of the RRP after a second course of drug administration [1] . In our case, the patient had Grade 2 dermatitis; the TC regimen in our institute consisted of dexamethasone sodium phosphate and antihistamine as premedication in the original schedule. The use of a premedication was the possible reason that the patient's symptoms were relatively mild after the first exposure to chemotherapy. Subsequently, TC could be continued without a dose reduction or treatment delay. If the skin inflammatory reaction becomes severe and conservative supportive care for the RRP is ineffective, dose reduction, discontinuation of administration, or the use of another regimen need to be considered.
The mechanism of pathogenesis remains unclear. There are some hypotheses that were reviewed by Camidge et al. involving vascular damage, epithelial stem cell inadequacy and sensitivity, and a drug hypersensitivity reaction [3] . More recently, there have been several case reports on the RRP, which has come to be recognized by clinicians, although the main mechanism involved has not been demonstrated. Further studies in more patients are needed.
In conclusion, we encountered a comparatively rare case of the RRP which was triggered after the administration of TC. Clinicians need to record the incidence of the RRP in cases where anti-cancer agents are administered after irradiation.
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